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Simplified method for gene targeting vector construction
Malgorzata Gasperowicz, Mateusz Kolanczyk, Michael Stock, and Florian Otto
University of Freiburg Medical Center, Freiburg, Germany
BioTechniques 37: [734] [735] [736] [737] [738] (November 2004) In recent years, gene targeting in embryonic stem (ES) cells has become a routine tool for the analysis of in vivo gene function. The technique depends on homologous recombination between a plasmid vector containing a fragment homologous to the gene of interest and the gene locus in ES cells. The frequency of the desired recombination event has been shown to depend on the length of homology between the gene targeting vector and target gene as well as on the use of isogenic DNA (1, 2) . Generating a gene targeting vector has been a cumbersome task for several reasons. Classically, a cDNA probe has been used to isolate a genomic clone corresponding to the gene of interest from a mouse genomic library. However, several different ES cell lines are in use, and no genomic libraries made from these cell lines are available. In order to isolate near-isogenic clones, libraries generated from the tissue of the mouse strain that gave rise to the ES cell line used in the specific laboratory were employed. This has been difficult because several substrains exist, so that, in practice, the ES cell line and genomic library have been hard to match. Once a clone corresponding to the gene of interest had been isolated, a large fragment (usually between 5 and 10 kb) had to be excised by restriction enzyme digest and subcloned into the plasmid vector. Subcloning a suitable fragment proved to be difficult at times because of the lack of appropriately located, unique restriction sites. Once the genomic fragment is subcloned, a positively selectable cassette has to be inserted into a restriction site within an exon to cause disruption of the open reading frame and to allow for the selection of ES cells with an integration of the targeting vector. It has been a common problem in the construction of this type of vector to find a unique restriction site within the coding region (frequently only a few hundred base pairs in length) contained in a plasmid usually between 10 and 20 kb in size.
In recent years, long-range PCR (LR-PCR) has become a useful tool, making it possible to amplify fragments in the size range required for homologous recombination (3) . Recently, the mouse genome was sequenced, and the partially assembled sequence is publicly available (http://www.ensembl. org/Mus_musculus/). These advances allow for the design of genomic primers in order to amplify a homologous genomic fragment using as a template DNA isolated from the respective ES cell line, thus providing truly isogenic DNA. This DNA can be cloned by making use of the single-base overhang generated by a number of heatstable DNA polymerases, thus avoiding restriction cleavage at this step. Using a technique described by Koob and others (4-6) called "Achilles' heel cleavage" or "RecA-AC," a selection marker cassette can be introduced into a predefined restriction site that does not need to be unique within the vector, but for which a specific methylase is available. We have successfully used this procedure to generate a gene targeting vector for the gene of the transcriptional co-repressor Tle1.
In the mouse, the Tle1 gene spans approximately 82.4 kb and contains 20 exons. Exon 2 contains an EcoRI restriction site conveniently located to introduce the selection cassette ( Figure  1) . We designed two primers to amplify BENCHMARKS the surrounding region from mouse genomic DNA (Tle1-LR-for 5′-CATC-GACTGGAGGGAGGACGCATACT-GGC-3′; Tle1-LR-rev 5′-CTGACAT-GGGTGGTGGTCTTGGGTTCCA-3′). LR-PCR was performed using the Expand™ Long Template PCR System (Roche Applied Science, Indianapolis, IN, USA). Using 15 pmol of each primer, 110 ng template DNA, 3.75 U polymerase mixture, and 5 µL buffer 3 containing 27.5 mM MgCl 2 in a total reaction volume of 50 µL, 10 PCR cycles with 6.5 min elongation time were followed by 22 cycles, each elongation phase being 20 s longer than the previous one. The resulting PCR product had a size of 6.8 kb. It was subloned into pCR ® -XL-TOPO ® (Invitrogen, Carlsbad, CA, USA), yielding a plasmid of 10.4 kb total size. This plasmid contains five different EcoRI restriction sites. We used the Achilles' heel cleavage technique to protect all these sites but the one in exon 2 from EcoRI digest. A 36-mer oligonucleotide spanning the site to be cut was synthesized (AHC 5′-CGCCTGCAGGAACTG-GAATTCCTCTTTAATCCGGTC-3′). Oligonucleotide AHC (192 ng) was added to 7.5 µg RecA protein (New England Biolabs, Billerica, MA, USA) and 1 µL buffer A (250 mM Tris-acetate, pH 7.5, 1 mM magnesium acetate) to a total volume of 9 µL. After incubation for 60 s at 37°C, 1 µL 10 mM ATPγS (unhydrolyzable ATP analogue; Sigma, St. Louis, MO, USA) was added, and the reaction was incubated for 10 min at 37°C. One microgram of plasmid, 2.7 µL buffer B [166 mM Tris-acetate, pH 7.5, 37 mM magnesium acetate, 100 mM dithiothreitol (DTT)], and 2.7 µL bovine serum albumin (BSA; 1 mg/mL), were added to a total volume of 27 µL, and incubation at 37°C was extended for 30 min. Magnesium acetate (1.5 µL; 80 mM), 1.5 µL 1.6 mM S-adenosylomethionine (donor of methyl groups), and 100 U EcoRI methyltransferase (New England Biolabs) were added, and the reaction was incubated for another 30 min. To deproteinize the plasmid, 4 µL 10× proteinase K buffer and 20 µg proteinase K were added to a total volume of 40 µL, and the reaction was incubated at 54°C for 30 min. The resulting DNA was cleaned on Clean-Up Columns (A&A Biotechnology, Gdynia, Poland) according to the manufacturer's instructions. A standard EcoRI digest was performed overnight. This procedure resulted in DNA exclusively cut at the desired site as judged from agarose gel electrophoresis ( Figure 2 ) and ligation products. We then cloned into the EcoRI site a double-stranded oligonucleotide containing an AscI rare cutter site. This site was used to introduce a selection cassette flanked by AscI sites to generate the final gene targeting vector.
In summary, the method described 
